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TITLE OF THE INVENTION 
CERAMIC HEATER SYSTEM AND SUBSTRATE PROCESSING 
APPARATUS HAVING THE SAME INSTALLED THEREIN 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No, 11-341916, filed December 1, 1999, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
The present invention relates to ceramic heater 
system which heats a substrate in treatments, such as 
CVD (Chemical Vapor Deposition) and plasma etching, and 
to a substrate processing apparatus having this heater 
system installed therein. 

The general fabrication of semiconductor devices 
includes a step of performing a vacuum treatment, such 
as CVD or plasma etching, on a semiconductor wafer to 
be processed. In such a treatment, a heat treatment 
for heating a semiconductor wafer to a predetermined 
temperature is carried out. To execute such a heat 
treatment, a heater is buried in a substrate support 
member. A typical conventional heater of this type is 
a stainless heater. 

Ceramic heaters that are hard to be corroded by 
halogen-base gases which are used in processing 
semiconductor wafers and have a high heat exchanging 



efficiency have been developed recently and are 
becoming popular. Such a ceramic heater has a heat 
generating wire of a high-melting-point metal buried in 
a heater base which is a dense ceramic sintered body of 
AlN or the like and on the top of which a semiconductor 
wafer is to be mounted. 

A heat treatment which is executed at the time of 
performing CVD, plasma CVD or the like is demanded of 
an extremely high uniform heating performance while 
heating a semiconductor wafer to 500°C or higher. 

Further , it is required that semiconductor wafers 
should be resistant to plasma during plasma etching. 

Because it is difficult to provide the desired 
uniform heating by a ceramic heater alone, which is 
buried in the heater base, various schemes are 
attempted to achieve the uniform heating. For example, 
the technique that is disclosed in Jpn. Pat. Appln. 
K0KAI Publication No. 272834/1995 has a fluid passage 
with a fine cross-sectional area provided between 
a semiconductor-wafer mounting surface of a ceramic 
heater base and a buried heater. The temperature 
differences at individual positions of the ceramic 
heater base are therefore reduced by the convection of 
a fluid flowing in the fluid passage, thereby ensuring 
a uniform heating temperature on the mounting surface. 

There are demands for further improvement of the 
throughput in the fabrication of semiconductor devices 



is demanded of and for a shorter down time at the time 
of maintenance of the substrate processing apparatus. 

For example, a single wafer type CVD system 
regularly executes in-situ cleaning with a halogen-base 
gas and needs to lower the temperature of a ceramic 
heater to 150 to 500°C from a film deposition 
temperature of 700°C. As the conventional cooling time 
is about 3 hours, a shorter cooling time is demanded. 
The interior of the chamber is exposed to the 
atmosphere for maintenance or the like. The interior 
of the chamber is cooled to near the room temperature 
to facilitate the maintenance. The cooling requires a 
long time. It is demanded that the cooling be achieved 
within a short time. 

The aforementioned technique disclosed in Jpn. 
Pat. Appln. KOKAI Publication No. 272834/1995 can cool 
the heater base by the flow of the fluid at the time 
of maintaining the processing apparatus that uses 
the ceramic heater. This can shorten the down time in 
which the apparatus is stopped. 

Generally speaking, to provide a sufficient 
cooling performance, the cross-sectional area of 
the fluid passage should be increased to permit the 
flow of a larger amount of fluid to carry the heat out. 
This technique has been developed to mainly ensure 
uniform heating and does not provide a sufficient 
cooling performance. Since the technique is intended 



to make the heating temperature on the mounting surface 
even, however, it is necessary to avoid deterioration 
of the heating efficiency. This is achieved by 
preventing the heat transmission from the heater to the 
mounting surface from becoming lower, and requires that 
the cross-sectional area of the fluid passage be made 
as small as possible. 

Therefore, the more the heating efficiency is 
improved, the less the performance of the cooling means 
for the heater becomes sufficient. The conventional 
technique suffers a limitation to shortening the time 
of cooling the heater base and faces a difficulty in 
satisfying the demanded short cooling time. 

BRIEF SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present 
invention to provide a ceramic heater system which has 
a high cooling efficiency while keeping the uniform 
heating performance on the heating surface high, and a 
substrate processing apparatus in which this ceramic 
heater system is installed. 

A ceramic heater system according to this 
invention comprises a ceramic heater base having a 
substrate mounting surface formed on a top surface 
thereof; a heater, buried in the heater base, for 
heating a substrate; and a fluid passage provided in 
the heater base below the heater, whereby the heater 
base is cooled by letting a fluid whose temperature is 



lower than a temperature of the heater base flow in the 
fluid passage . 

A substrate processing apparatus in which such a 
ceramic heater system is installed comprises a chamber 
whose interior can be kept in a vacuum state by an 
exhaust system and processing means for performing a 
predetermined treatment on the substrate in the 
chamber, and performs film deposition and etching on 
the substrate. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
in part will be obvious from the description, or may 
be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
obtained by means of the instrumentalities and combina- 
tions particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
in and constitute a part of the specification, illust- 
rate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi- 
ments given below, serve to explain the principles of 
the invention. 

FIG. 1 is a vertical cross-sectional view 
exemplarily illustrating a ceramic heater system 
according to a first embodiment of the present 



invention; 

FIG. 2 is a horizontal cross-sectional view along 
the line A-A in FIG. 1; 

FIG. 3 is a cross-sectional view illustrating a 
ceramic heater system according to a second embodiment; 

FIG. 4 is a cross-sectional view showing a ceramic 
heater system according to a modification of the second 
embodiment; 

FIG. 5 is a cross-sectional view showing a ceramic 
heater system according to a third embodiment; 

FIG. 6 is a cross-sectional view showing a ceramic 
heater system according to a modification of the third 
embodiment ; 

FIG. 7 is a cross-sectional view showing a ceramic 
heater system according to a fourth embodiment; 

FIG. 8 is a cross-sectional view showing a ceramic 
heater system according to a fifth embodiment; 

FIG. 9 is a horizontal cross-sectional view along 
the line B-B in FIG. 8; 

FIGS. 10A and 10B are cross-sectional views 
depicting a ceramic heater system according to a sixth 
embodiment ; 

FIGS. 11A and 11B are cross-sectional views 
depicting a ceramic heater system according to a first 
modification of the sixth embodiment; 

FIGS. 12A and 12B are cross-sectional views 
depicting a ceramic heater system according to a second 



modification of the sixth embodiment; 

FIG. 13 is a cross-sectional view of a thermal CVD 
system which uses a ceramic heater system 32 embodying 
the invention; 

FIG. 14 is a cross-sectional view of a plasma CVD 
system which uses a ceramic heater system embodying the 
invention; and 

FIG. 15 is a cross-sectional view showing a plasma 
etching system which uses a ceramic heater system 
embodying the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Preferred embodiments of the present invention 
will now be described with reference to the 
accompanying drawings . 

FIG. 1 is a vertical cross-sectional view 
exemplarily illustrating a ceramic heater system for 
processing a semiconductor wafer according to the first 
embodiment of the invention. FIG. 2 is a horizontal 
cross-sectional view taken along the line A-A in 
FIG. 1. 

A ceramic heater system 1 has a disk-shaped heater 
base 2 of ceramics and a heating resistive element 
(heater) 3 buried in the heater base 2 in a coil form. 
A fluid passage 4 is provided in the heater base 2 
below the heater 3 . 

Any dense ceramics may be used for the heater 
base 2. Preferable ceramics for the heater base 2 



include nitride ceramics, such as silicon nitride 
(Si3N 4 ), aluminum nitride (AlN) and silicon aluminum 
oxy nitride (SiAlON), and aluminum oxide (AI2O3). 
The top surface of the heater base 2 serves as 
a mounting surface 2a for a semiconductor wafer W. 

The heater 3, which is a heat resistor , is buried 
in the heater base 2 in a predetermined pattern (e.g., 
a spiral form) with its both end portions connected to 
terminals 5 buried in the vicinity of the peripheral 
portion of the bottom of the heater base 2. The heater 
3 is connected to a power supply 6 by wires that run 
from the terminals 5. The output of the power supply 6 
is controlled by a controller 7 based on a detection 
signal from an unillustrated thermocouple provided 
on the heater base 2 . The semiconductor wafer W is 
thereby heated to the desired temperature. The heater 
3 is formed of metal, and can be a nichrome wire 
when the heating temperature is relatively low. 
For a high-temperature ceramic heater, however, 
a high-melting-point metal is preferable. 
A particularly preferable metal is tungsten (W) , 
molybdenum (Mo), platinum (Pt) or an alloy of 
the mentioned metals. 

As shown in FIG. 2, the fluid passage 4 has 
a plurality of annular portions 4a concentric to the 
heater base 2, and radial portions 4b which radially 
link adjoining annular portions 4a at four locations. 
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The radial portions 4b that are adjacent to one 
another in the peripheral direction are arranged at 
equidistances of 90°, while the radial portions 4b that 
are adjacent to one another in the radius direction are 
5 shifted by 45° from one another . Preferably, the 

radial portions 4b are interposed between the annular 
portions 4a. In this case, the radial portions 4b do 
not overlap the annular portions 4a. In the fluid 
passage, the annular portions 4a and radial portions 4b 
10 are arranged so that semiconductor wafers may be heated 

and cooled with high efficiency. A fluid supply 
hole 9, through which a fluid is supplied into the 
fluid passage 4, is formed in the center of the heater 
base 2. Two fluid discharge holes 8 are formed at 
15 opposite positions of the outermost annular portion 4a. 

Moreover, the holes connecting any two adjacent 
circular portions are arranged at regular intervals 
along either circular portion. Each hole made in one 
of walls defining a circular portion opens to that part 
20 of the other wall of the circular portion, which is 

located between two adjacent holes made in the other 
wall of the circular portion. 

Designing the fluid passage 4 this way ensures 
effective heat exchange and a high cooling efficiency. 
25 A fluid supply pipe 9a is connected to the fluid 

supply hole 9, and fluid discharge pipes 8a to the 
fluid discharge holes 8. Those pipes 8a and 9a are 
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connected to a fluid supply source 10 so that the fluid 
is circulated by an unillustrated pump or similar 
means. The temperature of the gas that is supplied 
from the fluid supply source 10 is adjusted to a 
5 predetermined temperature by a temperature adjuster 11. 

This makes it possible to maintain the uniform heating 
of the heater base 2 and perform cooling control on 
the heater base 2. A heat exchanger 12 is connected to 
the fluid discharge pipes 8a so as be able to remove 
10 the extra heat of the fluid that has become hot by 

the high-temperature heater base 2 . 

It is preferable that the temperature of the 
fluid which is let flow in the fluid passage 4 be 
approximately in a range of -10 to 800°C. In the case 
15 where a low-temperature fluid flows in the fluid 

passage 4, the ceramic heater base 2 may be damaged by 
a heat shock. It is therefore preferable to reduce 
the temperature of the fluid step by step by the 
temperature adjuster 11 in accordance with the heating 
2 0 temperature of the heater base 2 so that the excellent 

cooling efficiency is acquired within the range where 
heat-shock originated damages can be avoided. The 
step-by-step temperature reduction is accomplished by, 
for example , always setting the temperature of the 
25 fluid to a temperature lower than the temperature of 

the heater base 2 at equi-intervals from 100°C to 200°C 
and adequately lowering the temperature of the fluid 



when the temperature of the heater base 2 drops* 
While a gas or a liquid is available as the 
fluid, it is preferable to use an inactive gas in 
consideration of possible leakage of the fluid in 
the chamber against a possible damage in the heater 
base 2. Of course, the fluid is not limited to a gas. 
Preferable gases are inert gases available, such as Ar, 
He, Ne and N2 gases, at least one of which is 
selectively used or a proper combination of which is 
used. One preferable combination is a mixed gas of Ar 
and He, This is because the combination of high-cost 
He, which has a high thermal conductivity and low-cost 
Ar, can ensure the adequate cooling cost performance 
while keeping a relatively high cooling efficiency. 
From this point of view, the ratio of Ar to He is 
preferably 3:1. Alternatively, the ratio of He to Ar 
is 20% or more. 

To use the ceramic heater system 1 thus 
constituted, power is supplied to the heater 3 from the 
power supply 6 with a semiconductor wafer W placed on 
the mounting surface 2a or the top surface of the 
heater base 2 . This raises the temperature of 
the heater base 2 to a predetermined temperature under 
the control of the controller 7, thus heating the 
semiconductor wafer W to the predetermined temperature. 
As a predetermined fluid, such as a gas selected from, 
for example, Ar, He, Ne and N 2 , is let flow in the 



fluid passage 4 at a predetermined flow rate at this 
time, the temperature controllability becomes higher so 
that the heater base 2 can keep the desired uniform 
heating performance. 

At the time of cooling the ceramic heater system 1 
down from the heating temperature, the fluid is let 
flow in the fluid passage 4 after power supply to 
the heater 3 is cut off. According to this embodiment, 
the heating efficiency does not decrease even if the 
cross-sectional area of the fluid passage 4, which 
differs from the fluid passage in the prior art that is 
located above the heater, is increased. Accordingly, 
the cross-sectional area of the fluid passage 4 
increases, permitting a relatively large amount of 
fluid to flow inside. The ceramic heater system 1 is 
therefore cooled to a predetermined temperature in a 
short period of time. 

A ceramic heater system according to the second 
embodiment of the invention will now be discussed with 
reference to FIG. 3 which shows the cross section of 
the ceramic heater system. To avoid the detailed 
description, like or same reference numerals are given 
to those components of the second embodiment which are 
the same as the corresponding components shown in 
FIG. 1. Like the first embodiment shown in FIG. 1, the 
second embodiment has a fluid supply source 10, a 
temperature adjuster 11 and a heat exchanger 12, though 
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these components are not shown in FIG. 3. Likewise, 
all other embodiments, but the fifth embodiment 
(FIGS. 4 to 7, FIGS . 10 to 12), have a fluid supply 
source 10, a temperature adjuster 11 and a heat 
5 exchanger 12, though these components are not shown for 

the simplicity of drawings. 

In the ceramic heater system of the second 
embodiment, a heater 13 buried in the heater base 2 is 
formed of graphite or glassy carbon and is arranged in 

10 a predetermined pattern (e.g., a spiral form). 

In the ceramic heater system, the coefficients 
of thermal expansion of graphite and glassy 
carbon, materials for the heater 13, are respectively 2 
to 3 X 10" 6 /K and 1.5 X 10~ 6 /K to 2.5 X 10" 6 /K, which 

15 are relatively close to the coefficient of thermal 

expansion of AlN of 4.6 x 10" 6 /K, so that the heater 
base 2 can be used without being damaged even if the 
temperature is raised fast or dropped fast. 

As a modification of the second embodiment shown 

20 in FIG. 4, a heater 13a having a core 14 of graphite or 

glassy carbon coated with a glassy BN layer 15 may be 
used. In this case, the glassy BN has a function of 
protecting the core 14 of graphite or glassy carbon and 
a buffer capability, thus ensuring faster temperature 

25 raising and faster temperature drop. 

A ceramic heater system according to the third 
embodiment of the invention will now be discussed with 



reference to FIG. 5, which shows the cross section of 
the ceramic heater system. To avoid the detailed 
description, like or same reference numerals are given 
to those components of the third embodiment which are 
the same as the corresponding components shown in 
FIG. 1. 

According to this embodiment, an electrode 2 0 is 
provided between the heater 3 of the heater base 2 and 
the mounting surface 2a and a DC power supply 21 for 
applying a voltage to the electrode 2 0 is connected to 
the heater 3 via a terminal 22. The DC power supply 21 
may be replaced by a high-frequency power supply. 
This structure forms electrostatic chuck on the upper 
surface portion of the heater base 2. 

As a DC voltage is applied to the electrode 2 0 in 
the ceramic heater system, a semiconductor wafer W to 
be mounted is electrostatically chucked to the mounting 
surface 2a of the heater base 2. This allows the 
semiconductor wafer W to be surely held even when the 
heater base 2 is used in the vacuum atmosphere. This 
embodiment can provide a compact structure which has 
the electrostatic chuck integrated with the ceramic 
heater . 

Needless to say, an electrode may be provided 
at a similar position in the heater bases whose 
structures are illustrated in FIGS. 3 and 4 to add 
an electrostatic chuck capability. 
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In the case where a plasma treatment is carried 
out by using the ceramic heater of each of the above- 
described embodiments, a plasma-producing electrode 23 
is buried in the heater base 2 as in a modification of 
5 the third embodiment shown in FIG. 6. Plasma can be 

produced by grounding the electrode 2 3 and applying 
high-frequency power to the opposing electrode in the 
vacuum atmosphere. A DC voltage is applied to the 
electrode provided below the counter electrode. The DC 

10 voltage functions as a bias introducing ions and flaxes 

into the substrate. The etching rate and the 
deposition rate are thereby enhanced. 

High-frequency power may be applied to the 
electrode 23. Instead of ground the electrode 23, a DC 

15 voltage may be applied to the electrode 23 so that the 

electrode 23 also serves as an electrode for the 
electrostatic chuck . 

A ceramic heater system according to the fourth 
embodiment of the invention will now be described with 

2 0 reference to FIG. 7 which shows the cross section of 

the ceramic heater system. To avoid the detailed 
description, like or same reference numerals are given 
to those components of the fourth embodiment which are 
the same as the corresponding components shown in 

25 FIG. 1. 

In this embodiment, a heater base 24 is separated 
into two portions at the bottom surface of the fluid 
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supply passage 4: an upper heater base 24a in which the 
heater 3 is buried and a lower heater base 24b in which 
the fluid supply hole 9 and the fluid discharge holes 8 
are formed. The upper heater base 24a and the lower 
5 heater base 24b are securely adhered together by 

an adhesive to be discussed later direct bond, ceramic, 
screws or the like. Alternatively, the upper and lower 
heater bases 2 4a and 24b may be made integral by a 
holder or the like which supports those heater bases 

10 24a and 24b from the side while tightly connecting 

them. Such an integral structure makes the fluid 
passage 4 airtight. 

An electrode may be provided in such a way as to 
add an electrostatic chuck capability in the fourth 

1 5 embodiment too . 

According to this embodiment, the separation of 
the heater base 2 4 into two parts can facilitate the 
formation of the fluid passage 4. 

According to the ceramic heater systems of the 

2 0 above-described embodiments, the fluid passage is 

provided below the heater. Thus, the heating 
efficiency of the heater to heat a semiconductor wafer 
does not fall even if the cross-sectional area of the 
fluid passage is increased. Therefore, the cross- 

2 5 sectional area of the fluid passage can be increased 

to supply a relatively large amount of fluid, thereby 
to cool the heater base in a short period of time. 



Even the provision of the fluid passage below the 
heater can ensure the desired uniform heating 
performance . 

It is preferable that the fluid passage should be 
designed to have a plurality of concentric circular 
portions and a plurality of portions which link those 
concentric circular portions. Further, it is 
preferable that the fluid passage should have a fluid 
inlet formed in the center portion of the heater base 
and fluid outlets formed at end portions of the heater 
base. The fluid inlet can be provided at a position 
that is optimal in view of the positions of the heater 
power supply and the terminals of the temperature 
sensor. This structure can improve the uniform heating 
performance and the cooling efficiency. 

The temperature of the fluid which flows in the 
fluid passage is variable within a range of -10 to 800°C 
and preferably within a range of about 150 to 500°C. 
Of course, the temperature of the fluid can be changed 
in accordance with the conditions of the process. 
A fluid whose temperature is equal to or lower 
than 150°C may be used in the case of exposing 
the interior of the chamber to the air for the purpose 
of maintenance. 

In the case of causing a low- temperature fluid to 
flow in the fluid passage to cool the ceramic heater 
base, the temperature of the fluid should be set 
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properly in accordance with the temperature of the 
heater base to prevent the heater base from being 
damaged by a heat shock. Specifically, the temperature 
of the fluid is equal to or lower than about 7 5% of the 
5 temperature of the heater base to be cooled. It is 

preferable that the temperature of the fluid should be 
reduced step by step in accordance with the cooling 
stage of the heater base. When the heater base is very 
hot, for example, heat-shock originated damages can be 
10 prevented by always adjusting the temperature of the 

fluid lower than the temperature of the heater base by 
100 to 200°C. In the case of exposing the interior of 
the chamber to the air, the heater base can be cooled 
down efficiently if the temperature of the fluid is set 
15 lower when the temperature of the heater base drops 

close to 150°C. 

FIG. 8 is a vertical cross-sectional view showing 
a ceramic heater system for processing a semiconductor 
wafer according to the fifth embodiment of the 
2 0 invention. FIG. 9 is a horizontal cross-sectional view 

taken along the line B-B in FIG. 8. To avoid the 
detailed description, like or same reference numerals 
are given to those components of the fifth embodiment 
which are the same as the corresponding components 
2 5 shown in FIG. 1. 

In this embodiment, a heater base 25 is separated 
into two portions at the bottom surface of the fluid 



passage 4. That is, an upper heater base 25a in which 
the heater 3 is buried, and a lower heater base 25b in 
which the fluid supply hole 9 is formed. As shown in 
FIG. 9, fluid discharge holes 26 are formed sideways 
in the upper heater base 25a so that the fluid is 
discharged into the chamber. The lower heater base 25b 
is provided with the fluid source 10 which supplies 
the fluid and the temperature adjuster 11 which adjusts 
the temperature of the fluid. This structure of 
the embodiment causes the fluid to be discharged into 
the chamber, eliminating the need for the flow route 
from the fluid passage 4 to the heat exchanger 12 and 
thus the heat exchanger 12. The structure is simpler 
than the structure of the above-described embodiments 
in which the fluid is circulated in an airtight manner 
in the cycle of the fluid source 10 to the temperature 
adjuster 11 to the fluid passage 4 to the heat 
exchanger 12 while the temperature of the fluid is 
being adjusted. However, in the structure of the fifth 
embodiment, some kind of fluid should flow in the fluid 
passage 4 any time including during the processing of 
the semiconductor wafer in order to prevent the gas in 
the chamber from entering the fluid passage 4. The 
upper heater base 25a and the lower heater base 2 5b may 
be adhered integrally in the same way as mentioned in 
the foregoing description of the fourth embodiment. 
Further, an electrode may also be provided in the fifth 



- 20 



s embodiment to add an electrostatic chuck capability. 

According to this embodiment, the separation of 
the heater base 25 into two parts can facilitate the 
formation of the fluid passage 4, As the fluid is 
5 discharged into the chamber, the structure becomes 

simpler . 

FIG. 10A shows the horizontal cross section of 
a part of the heater base of a ceramic heater system 
y for processing a semiconductor wafer according to 

2i 10 the sixth embodiment. FIG- 10B shows the vertical 

'"i :SS : 

IU cross section of a portion M shown in FIG. 10A. 

W The illustrated example is adapted to the heater bases 

24a and 25a of the fourth and fifth embodiments. 
l:k To improve the cooling efficiency, cooling fins 27 

15 are provided on the heater-side surface of the fluid 

S passage 4. The provision of the cooling fins 27 can 

increase the thermal conductivity to the fluid. 
Although two cooling fins 27 are shown, the number of 
the cooling fins is not limited to this quantity and 
20 a greater number of the cooling fins may be provided. 

FIGS. 11A and 11B show a first modification of the 
sixth embodiment in which cooling fins 2 8 are provided 
on the surfaces of the fluid passage 4 perpendicular to 
the heater's side surfaces at positions relatively 
25 close to the heater. The cooling fins 28 demonstrate 

the same effect as the cooling fins 2 7 of the sixth 
embodiment. FIGS. 12A and 12B shows a second 



- 21 



modification of the sixth embodiment in which the fluid 
passage has a irregularity surface with multiple 
crating and undulations. The irregularity surface 
increases the surface area to thereby increase the 
5 thermal conductivity to the fluid. 

This embodiment is not limited to the provision of 
the aforementioned cooling fins or irregularity 
surface, but the heater-side surface of the fluid 
passage 4 may be designed in any shape as long as the 

10 surface area of the fluid passage 4 is increased. For 

example, the heater-side surface of the fluid passage 4 
may have a irregularity surface of a sawtooth shape to 
improve the thermal conductivity to the fluid. 

A description will now be given of a method of 

15 producing such a heater base. 

First, a ceramic powder is put in a mold set in 
a press-molding machine and premolding is performed. 
Then, a continual recess is provided on the surface of 
the premolded article in accordance with the heater 

2 0 pattern. Next, the heater with terminals connected to 

both ends is retained in the recess, a ceramic powder 
is further put in the recess and is subjected to 
unconfined press molding, thus molding a disk-shaped 
article. The obtained article is sintered by hot 

2 5 pressing or the like, thus molding a first presintered 

body. 

Subsequently, a ceramic powder is likewise 



subjected to unconfined press molding, thus molding 
a disk-shaped article, which is in turn sintered by 
hot pressing or the like, thus molding a second 
presintered body- Then, a groove corresponding to 
the fluid passage is made in the top surface of 
the second presintered body by an adequate method, such 
as sand blasting or etching* Further, a fluid supply 
hole and fluid discharge holes are formed. Finally, 
the first presintered body and the second presintered 
body are adhered hot direct bond by using an adhesive 
of glass, such as YSiAlON-based glass. While it is 
preferable to perform sintering by hot pressing, 
atmospheric pressure sintering may be used as well. 
Hot isostatic pressing (HIP) may be executed after 
atmospheric pressure sintering. 

A description will now be given of a substrate 
processing apparatus in which a ceramic heater system 
having the above-described structure is installed. 

FIG. 13 is a cross-sectional view of a thermal CVD 
system which uses a ceramic heater system 32 embodying 
the invention. This thermal CVD system 3 0 has a nearly 
cylindrical chamber 31 designed in an airtight manner. 
A semiconductor wafer W, a work to be processed, is 
supported horizontally in the chamber 31 and the 
ceramic heater system 32 which heats the semiconductor 
wafer W is supported on cylindrical support members 33. 
Provided on the peripheral edge of the heater base 2 is 
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a guide ring 34 for guiding the semiconductor wafer w. 

The ceramic heater system 32 is constructed in 
quite the same way as the ceramic heater system 1 shown 
in FIG. 1. That is, the heater 3 is buried in the 
5 ceramic heater base 2 and the fluid passage 4 is 

provided below the heater 3. Both end portions of 
the heater 3 are connected to the terminals 5 buried in 
the vicinity of the peripheral portion of the bottom of 
^ the heater base 2 . The wires extending from the 

^ 10 terminals 5 run inside the support members 33 to be 

iU connected to the power supply 6 whose output is 

fM controlled by the controller 7. 

A shower head 35 is provided on a ceiling 31a of 
ju the chamber 31. Multiple gas discharge holes 36 for 

15 discharging a gas toward the semiconductor wafer w n 

!~ the ceramic heater system 32 are formed in the shower 

head 35. A gas inlet 37 is formed in the upper portion 
of the shower head 35. The gas inlet 37 is connected 
to a cleaning-gas feeding mechanism 39 and a process- 
2 0 gas supply mechanism 40 via a gas feeding pipe 38. 

The cleaning-gas supply mechanism 3 9 has a 
cleaning gas source for supplying a CIF3 gas, for 
example, as a cleaning gas, so as to ensure regular 
in-situ cleaning of the interior of the chamber 31. 
25 The process-gas supply mechanism 4 0 has, for example, a 

TiCl4 gas source, NH3 gas source, Ar gas (dilution gas) 
source and so forth in the case where a film to be 
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deposited is a TiN film, or has a WFg gas source, 
SiH2Cl2 gas source, Ar gas source and so forth in the 
case where a film to be deposited is a WSi film. 

Connected to a bottom wall 31b of the chamber 31 
5 is an exhaust pipe 41 which is connected to an exhaust 

system 42 including a vacuum pump. As the exhaust 
system 42 is activated, the interior of the chamber 31 
can be depressurized to a predetermined degree of 
vacuum. 

ji 10 To deposit a predetermined thin film on the 

ly semiconductor wafer W using this substrate processing 

1:3 apparatus, first, the semiconductor wafer W is loaded 

into the chamber 31 and is placed on the mounting 
| : £ surface 2a of the ceramic heater system 32. The 

i'i 15 chamber 31 is discharged to the vacuum state by the 

exhaust system 42. Then, the heater base 2 is heated 
by the heater 3 up to, for example, about 500 to 700°C, 
thereby heating the overlying semiconductor wafer W to 
a predetermined temperature. Then, the process gas is 
20 supplied into the chamber 31 from the process-gas 

supply mechanism 40 via the gas feeding pipe 38 and 
film deposition is performed while keeping the internal 
pressure of the chamber 31 to a predetermined pressure. 
In this case, the temperature controllability is 
25 enhanced by feeding a gas selected from, for example, 

Ar, He, Ne and N2, allowing the heater base 2 to keep 
the desired uniform heating performance. 
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After film deposition is carried out on a 
predetermined number of semiconductor wafers W in this 
manner, the semiconductor wafers are removed from the 
chamber 31 and the ceramic heater system 32 is cooled 
5 to about 150 to 500°C. Then, the cleaning gas, e.g., 

C1F 3 gas, is supplied into the chamber 31 to perform 
in-situ cleaning of the chamber 31. At this time, 
the fluid is let flow in the fluid passage 4 after 
power supply to the heater 3 is cut off. In this case, 

10 the cross-sectional area of the fluid passage 4 can be 

increased to permit the flow of a relatively large 
amount of fluid. The ceramic heater system 32 can 
therefore be cooled to 150 to 500°C in a short period of 
time. In the case of exposing the interior of the 

15 chamber 31 to the air for the purpose of maintenance or 

the like, the internal temperature in the chamber 31 
should be reduced to near the room temperature. 
The temperature can be lowered so in a short period of 
time . 

20 FIG. 14 is a cross-sectional view of a plasma CVD 

system which uses a ceramic heater system embodying the 
invention. 

While the schematic structure of this plasma CVD 
system 50 is similar to the structure of the thermal 
25 CVD system shown in FIG . 13, the plasma CVD system 50 

has an insulating member 4 3 provided between the 
ceiling 31a and a side wall 31c of the chamber 31 with 
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the ceiling 31a connected via a matching circuit 44 to 
a high-frequency power supply 45. As high-frequency 
power of, for example, 13,56 MHz is supplied to the 
shower head 35 from the high-frequency power supply 45, 
5 the shower head 35 serves as an upper electrode. 

A lower electrode 51 for producing plasma is 
buried in the heater base 2 of the ceramic heater 
system 32 above the heater 3. A DC power supply 53 is 
^ connected via a terminal 52 to the lower electrode 51 

rs f 10 which also serves as an electrostatic chuck electrode. 

1U The plasma CVD system 50 deposits, for example, a Ti 

W film. 

In this case, the process-gas supply mechanism 4 0 
1* has, for example, a TiCl4 gas source, H2 gas source, Ar 

jpfl 15 gas (dilution gas) source and so forth. The other 

J5 structure is the same as the thermal CVD system shown 

in FIG. 13, so that to avoid the redundant description, 
like or same reference numerals are given to the 
corresponding components. 
20 To deposit a predetermined thin film on the 

semiconductor wafer W using this substrate processing 
apparatus, first, the semiconductor wafer W is loaded 
into the chamber 31 and is placed on the mounting 
surface of the ceramic heater system 32. 
25 Then, the heater base 2 is heated by the heater 3 

up to, for example, about 500 to 7 00°C to heat the 
overlying semiconductor wafer W to a predetermined 
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temperature, while the semiconductor wafer W is being 
heated up, the chamber 31 is discharged to the vacuum 
state by the exhaust system 42 . 

Then, the process gas is supplied into the chamber 
5 31 from the process-gas supply mechanism 4 0 via the gas 

feeding pipe 3 8 and high-frequency power is supplied to 
the shower head 35 that serves as the upper electrode 
from the high-frequency power supply 45. As a result, 
a high-frequency electric field is produced between the 

10 shower head 35 and the electrode 23 and plasma is 

produced in the process-gas containing atmosphere. 

At this time, a DC voltage is applied to the 
electrode 51 from the DC power supply 52 so that the 
semiconductor wafer W is electrostatically chucked on 

15 the surface of the heater base 2. Because the volume 

resistance of the heater base 2 varies in accordance 
with the temperature when such electrostatic capability 
is provided, the material whose resistance indicates an 
electrostatically chuckable property at the heating 

20 temperature is used for the heater base 2. In this 

case, the temperature controllability is enhanced by 
feeding a gas selected from, for example, Ar, He, Ne 
and N2 , allowing the heater base 2 to have the desired 
uniform heating performance. 

25 After film deposition is carried out on a 

predetermined number of semiconductor wafers W, the 
semiconductor wafers are carry out from the chamber 31 
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and the ceramic heater system 32 is cooled to about 150 
to 500°C, preferably to 200 to 300°C, to perform in-situ 
cleaning of the chamber 31, as done in the case of 
plasma CVD. 

5 As described above, the cross-sectional area of 

the fluid passage 4 is increased, permitting the flow 
of a relatively large amount of fluid. The ceramic 
heater system 32 can therefore be cooled to 150 to 500°C 
quickly. The internal temperature of the chamber 31 

10 can be lowered to room temperature quickly by exposing 

the interior of the chamber 31 to the atmosphere for 
the purpose of maintenance or the like. 

FIG. 15 is a cross-sectional view showing a plasma 
etching system which uses a ceramic heater system 

15 embodying the invention. 

While the schematic structure of the plasma 
etching system 60 is similar to the structure of the 
plasma CVD system shown in FIG. 15, an etching-gas 
supply mechanism 61 is provided in place of the 

20 process-gas supply mechanism 40 because an etching gas 

is supplied. The etching gas, which varies depending 
on a film to be etched, may be a fluorine-contained 
gas, such as CF 4 gas, and the etching-gas feeding 
mechanism 61 is provided with a source for such an 

25 etching gas. The other structure is approximately the 

same as that of the plasma CVD system, so that to avoid 
the redundant description, like or same reference 



numerals are given to the corresponding components. 

According to this etching system, the temperature 
of the heater base 2 can be controlled to a 
predetermined with a high precision by the heater 3 
buried in the ceramic heater system 32 and the fluid 
that flows in the fluid passage 4, thus permitting 
the temperature of the semiconductor wafer W to 
be uniformly kept at a predetermined temperature. 
In the case of exposing the interior of the chamber 31 
to the air, the heater base 2 can be cooled fast by 
causing the fluid to flow in the fluid passage 4 
provided below the heater 3. In the plasma etching 
system 60, high-frequency power may be supplied to the 
lower electrode 51 as well as the shower head 35. 

Needless to say, the systems illustrated in 
FIGS. 13 and 15 may use the ceramic heater system of 
each of the above-described embodiments. 

It should be apparent to those skilled in the art 
that the present invention is not limited to the above- 
described embodiments but may be modified in various 
other forms without departing from the spirit or scope 
of the invention. 

For example, the shapes of the fluid passages are 
to be considered as illustrative and not restrictive 
and may take other shapes. Further, the illustrated 
heaters of the individual embodiments are likewise to 
be considered as illustrative and not restrictive and 
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other types may be used as well. While the typical 
pattern of the heater is a spiral form, it is in no way 
restrictive. Although the foregoing description of the 
individual embodiments has been given of the case where 
5 the ceramic heater system of the invention is adapted 

to thermal CVD, plasma CVD and plasma etching, the 
invention is not limited to those cases but may be 
adapted to other treatments, such as ashing. A work to 
be processed is not limited to a semiconductor wafer, 

10 but other substrates may be used as well. 

As apparent from the foregoing description, when 
the ceramic heater system embodying the invention is 
installed in a CVD system, an etching system or the 
like, the down time thereof can be shortened. It is 

15 also possible to ensure the desired uniform heating 

performance even if the fluid passage is provided below 
the heater. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 

20 the invention in its broader aspects is not limited to 

the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 

25 defined by the appended claims and their equivalents. 
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WHAT IS CLAIMED IS: 

1. A ceramic heater system-comprising: 

a ceramic heater base having a substrate mounting 
surface formed on a top surface thereof; 
5 a heater f buried in said heater base, for heating 

a substrate; and 

a fluid passage provided in said heater base below 
said heater, 

whereby said heater base is cooled by letting 
10 a fluid whose temperature is lower than a temperature 

of said heater base flow in said fluid passage. 

2 . The ceramic heater system according to 
claim 1, wherein said fluid passage has a plurality 

of concentric circular passage portions and a plurality 
15 of penetration passage portions connecting the circular 

portions passage, and any adjacent two of the 
penetration passage portions are not aligned in a 
radial direction. 

3 . The ceramic heater system according to 
20 claim 2, wherein the penetration passage portions 

connecting any two adjacent circular portions are 
arranged at regular intervals along either circular 
portion, and each penetration passage portions made in 
one of walls defining a circular portion opens to that 
25 part of the other wall of the circular portion, which 

is located between two adjacent penetration passage 
portions made in the other wall of the circular 
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portion. 

4 . The ceramic heater system according to 
claim 2, wherein said fluid passage has a fluid inlet 
in a lower portion of said heater base and fluid 

5 outlets at end portions of said heater base, 

5 . The ceramic heater system according to 
claim 3, wherein said fluid which flows in said fluid 
passage is at least one gas selected from Ar, He, Ne 
and N2 gases or a mixed gas thereof . 

10 6. The ceramic heater system according to 

claim 5, wherein said fluid is a mixed gas of Ar 
and He. 

7 . The ceramic heater system according to 
claim 1, wherein a ratio of H2 flow rate to Ar flow 

15 rate is 20% or more. 

8. The ceramic heater system according to 
claim 1, wherein a temperature of said fluid which 
flows in said fluid passage ranges is adjusted to be 
lower than a then temperature of said heater base by 

20 100 to 200°C. 

9 . The ceramic heater system according to 
claim 1, wherein said heater has a high-melting-point 
metal patterned in such a coil form as to evenly 
generate heat in said heater base and two zones. 

25 10. The ceramic heater system according to 

claim 1, wherein said heater is formed of graphite or 
glassy carbon shaped in such a pattern as to evenly 
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generate heat in said heater base. 

11. The ceramic heater system according to 
claim 9, wherein said heater has glassy boron nitride 
coated on an outer surface of graphite or glassy carbon 
of which said heater is formed. 

12. The ceramic heater system according to 
claim 1, further comprising: 

an electrode buried in said heater base above said 
heater; and 

a DC power supply for applying a DC voltage to 
said electrode, 

whereby applying said DC voltage to said electrode 
causes said substrate mounted on said mounting surface 
to be electrostatically chucked. 

13. The ceramic heater system according to 
claim 1, further comprising: 

a fluid source for supplying a fluid to said fluid 

passage; 

a temperature adjuster for adjusting a temperature 
of said fluid supplied from said fluid source within 
a range of -10 to 800°C and causing said fluid to flow 
into said fluid passage; and 

a heat exchanger for removing coarse heat of said 
fluid raised by said heater base, 

whereby said fluid is circulated in a cycle of 
said fluid source to said temperature adjuster to said 
fluid passage to said heat exchanger while said 
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temperature of said fluid is being adjusted. 

14. The ceramic heater system according to 
claim 1, further comprising heat-discharging fins on 
a heater-side surface of said fluid passage. 
5 15. The ceramic heater system according to 

claim 1, further comprising heat-discharging fins on 
both side surfaces of said fluid passage with respect 
to a heater side and at positions closer to said 
heater . 

10 16. The ceramic heater system according to 

claim 1, wherein heater-side inner surface which is 
said fluid passage has a roughened irregularity 
surface. 

17. The ceramic heater system according to 
15 claim 2, wherein said fluid passage has a fluid 

inlet formed in a lower portion of said heater base 
and a plurality of fluid outlets formed through 
circumferential side walls of said heater base. 

18. A ceramic heater system comprising; 

2 0 an upper heater base of ceramics having a 

substrate mounting surface formed on a top surface 
thereof and a groove formed at a bottom surface to 
serve as a fluid passage; 

a lower heater base of ceramics closely adhered to 
25 a bottom side of said upper heater base, thereby making 

said groove airtight; and 

a heater, buried in said upper heater base, for 
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heating a substrate, 

whereby said heater base is cooled by causing a 
fluid having a temperature lower than temperatures of 
said upper and lower heater bases to flow in said fluid 
5 passage . 

19, A substrate processing apparatus comprising: 
a chamber whose interior can be kept in a vacuum 
state by an exhaust system? 

a ceramic heater system, placed in said chamber, 
10 for heating a substrate mounted thereon; and 

processing means for performing a predetermined 
treatment on said substrate in said chamber, 
said ceramic heater system including, 

a ceramic heater base having a substrate-mounting 
15 surface formed on a top surface thereof, 

a heater, buried in said heater base, for heating 
said substrate, and 

a fluid passage provided in said heater base below 
said heater, whereby said heater base is cooled by 
2 0 letting a fluid whose temperature is lower than a 

temperature of said heater base flow in said fluid 
passage . 

20* The substrate processing apparatus according 
to claim 19, wherein said processing means includes: 
2 5 a process-gas supply mechanism for feeding 

a process gas; and 

a shower head, provided in said chamber at 
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a ceiling thereof, for introducing said process gas 
from said process-gas supply mechanism, 

whereby a film is formed on said substrate by a 
reaction of said process gas, 
5 21. The substrate processing apparatus according 

to claim 20, further comprising: 

a high-frequency power supply, connected to said 
shower head, for electrically isolating said shower 
head and applying high-frequency power to said shower 
10 head, 

whereby applying said high-frequency power 
produces plasma in said chamber with said process gas 
supplied inside from said shower head and said film is 
formed on said substrate by a reaction of said process 
15 gas with said plasma* 

22. The substrate processing apparatus according 
to claim 19, wherein said processing means includes: 
an etching-gas feeding mechanism for feeding an 
etching gas; and 
2 0 an electrically isolated shower head, provided in 

said chamber at a ceiling thereof, for introducing said 
etching gas from said etching-gas supply mechanism; 

a high-frequency power supply, connected to said 
shower head, for applying high-frequency power to said 
25 shower head, 

whereby applying said high-frequency power 
produces plasma in said chamber with said etching gas 



supplied inside from said shower head and said film is 
formed on said substrate by a reaction of said etching 
gas with said plasma. 
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ABSTRACT OF THE DISCLOSURE 
A ceramic heater system has a ceramic heater base 
having a substrate-mounting surface formed on the top 
surface thereof and a heater, buried in the heater 
5 base, for heating a substrate. A fluid passage is 

formed buried in the heater base below where the heater 
is buried* The heater base is cooled as a fluid whose 
temperature is lower than the temperature of the heater 
base is let flow in the fluid passage. A substrate 

10 processing apparatus has the ceramic heater system 

installed in a process chamber whose vacuum state can 
be maintained, a gas supply mechanism for feeding a gas 
into the process chamber, and a power supply. The 
substrate processing apparatus performs a heat 

15 treatment, etching and film deposition on a substrate 

placed in the process chamber. 
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No. 36,867), Paul E. Rauch (Reg. No. 38, 591), 
128) and Michael E. McCabe, Jr. , (Reg. No. 37, 182) 
Fourth Floor, 1755 Jefferson Davis Highway, 
or any one of them, my attorneys with full 
revocation, to prosecute this application and 
in the Patent & Trademark Office connected 
and request that correspondence be directed to Obion, Spi vak, 
Mailer & Neustadt, P.C., Fourth Floor, 1755 Jefferson Davis 



Arlington, Virginia 22202. 



t MMH^t ' Send Correspondence to 

Obion, Spivak, McClelland, 
Ma i er Si Neustadt, P. C. , 

Fourth Floor, 

1755 Jefferson Davis Highway, 
Arlington, Virginia 22202 



Direct Telephone Calls to: (name and telephone number) 
Telephone No. (703)413-3000 
Facsimile No. (703)413-2220 





Full name of sole or first inventor 
Masaki Narushima 




Inventor s signature Date November 2 0 , 


m 


Residence 

N i rasak i -sh i , Japan 


II ft 


Citizenship 
JAPAN 


=rlOT — 


Post Office Address 

c/o Intellectual 

Property Dept., 

TOKYO ELECTRON LIMITED 




3-6 Akasaka 5-chome, Mi nato-ku, 
Tokyo 107-8481, Japan 



-t & - 1 . ) 



(Supply similar information and signature for second 
and subsequent joint inventors. ) 



